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The subthalamic nucleus (STN) is a pivotal point of the
basal ganglia (BG) function and dysfunction [1]. Its cru-
cial engagement with the neurosurgical procedure of deep
brain stimulation (DBS) that alleviates medically intracta-
ble Parkinsonian tremor [2] augments the need to refine
our current understanding of it. In the STN of monkeys
and humans, there is a progressive bending of the den-
drites along the nuclear limits. In this way, the STN
becomes a closed nucleus that receives and processes only
afferents that are specifically devoted to it [3]. For this rea-
son, it represents a target that is perfectly delimited, both
anatomically and functionally. The subsequent analysis
focuses on spontaneous STN activity, defined as the neu-
ronal activity during periods in which the patient is
immobile.
Raw intranuclear microelectrode recordings (MERs),
received from Parkinsonian patients during surgery, are
lowpass filtered to acquire local field potentials (LFPs)
and highpass filtered to receive the spiking activity of the
cells inside the nucleus. Under the physiologically justi-
fied assumption that the LFPs constitute the input of the
cells inside the nucleus [4] whereas the spikes are the out-
put [5], the STN cells are regarded as a black box and an
input output system analysis of the STN is straightfor-
ward. A nonlinear approach for modeling the system is
selected after trial and error experiments. Results show
that a non-linear Hammerstein-Wiener model is able to
simulate the STN output with a reasonable accuracy. We
estimate the components of the model and use a compar-
ison between the predicted and observed spikes as well as
the consistency of the obtained model for different
recordings to validate the quality of the prediction. By
applying the Lilliefors' test, we ensure that a model having
an adequate % fit and being able to simulate the neuronal
spikes with at least good temporal accuracy also has resid-
uals with roughly normal distribution.
Given the central position of the STN, influencing both
primary basal ganglia output nuclei in an excitatory fash-
ion, the approach of input output modeling may serve as
the testing bed for the several theories been proposed.
Finding the actual role of the STN in both normal and
pathological conditions, underscores the potential of
recording the LFPs with deep-brain electrodes and using
them as feedback signals to improve the therapeutic effect
of deep-brain-stimulators.
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